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Abstract

Some implications of the Ebocha-8 oil pollution  on Ni, V, Pb, Cu and Cd as well as its concomitant effects on soils  were evaluated approximately six months after recorded incidence of oil spillage. Mean concentration of nickel in surface and subsurface soils of the polluted plots (± Standard Error at 95% Confidence Limit) was 12.80±3.20mg/kg in polluted soils and 6.90mg/kg in unpolluted soils. Copper was 5.20±0.68mg/kg in polluted soils and 1.90mg/kg in the control soils; lead varied from 10.0mg/kg to 10.8mg/kg in polluted plots but was 3.6mg/kg in the control site. Concentrations of vanadium and cadmium were <0.20mg/kg and showed no significant differences in polluted and control soils. While oiling might have been partly responsible for the significantly higher levels of nickel, copper and lead of the Ebocha polluted soils, the slightly lower soil-pH (i.e, slightly higher acidity), higher moisture content, mobility of metals, TOC and TOM detected in the affected soils as well as the intense rainfall and flooding that preceded the period of sampling may have also contributed in part to the enhanced concentrations of the metals. Immediate depollution measures should be effected on the affected site to avoid the possibility of  biomagnification of these metals, especially Ni and V  which are inherently persistent. On the other hand, liming of the soils with calcium and magnesium compounds may de-acidify the acidified soils by appropriately raising their pH to an acceptable range 
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Introduction

Heavy metals can be defined as trace metals with densities greater than 5 g/cm3 (Duffus, 1980). Many soils naturally have varying but trace amounts of heavy metals even in undisturbed environments. These amounts can be changed because many industrial processes such as smelting, burning of fossil fuels, petroleum prospecting and mining, produce heavy metals which if not properly and carefully controlled end up in soils. Any increase in these heavy metals indicates that there is contamination. When the concentrations of these metals such as cadmium (Cd) reach certain levels, they can become toxic to plants. They assume particular importance when considering bioaccumulations because there is no indication currently that most of them (with the exception of vanadium and titanium) are used by animals in their metabolic processes (Odum, 1971; Manahan, 1994). Apart from the traditional toxicological relevance of these trace heavy metals, some like nickel and vanadium that are natural constituents of crude oil, have found use as diagnostic indices of hydrocarbon degradation and oil-oil correlation (Volkman et al., 1986). 

The Ebocha-8 oil field is an onshore prospect area in Niger Delta, one of the world’s largest deltas. The region which cuts across over 800 oil producing communities, is made up of vast coastal plains covering an estimated 70,000 square kilometers in the central part of southern Nigeria. With an extensive network of over 900 producing oil wells, 100 flow stations/gas plants, over 1,500 kilometres of trunk lines and some 45,000 kilometres of oil and gas flow lines, the‘ Niger Delta’ has become synonymous with oil pollution, recording an average of 221 oil spills per year (NDES, 1999; Okoko and Ibaba,1999). When the spill occurs on-shore, it affects the soil ecosystem and in environments that are completely aquatic, oil sometimes floats on water surfaces, where it is dispersed to shorelines by wind and wave actions, also affecting the soil environment (Amadi et al., 1993).

Apparently, most of the terrestrial ecosystems and shorelines in the oil producing communities of the said region are, however, important agricultural lands and are under continuous cultivation. Oil spillages may, therefore, have far reaching implications on the agricultural productivity of the area and multiplier effects on the socio-economic well being of the people. It was against this backdrop that we decided to evaluate the fate of nickel, vanadium, copper, lead and cadmium as well as its concomitant impact on soils, six months after recorded incidence of spillage.  

Materials and Methods

Description of Study Sites, Oil Spill Date of Incidence 

The study site is the Ebocha - 8 oil field in Obiobi/Obrikom communities of Rivers State, south-eastern Nigeria. The oil spillage site (Plate 1) is located East of the Orashi River, roughly between Mbiama and Obama at the border of the mangrove swamp forest of the Niger Delta, near the fresh water swamp complex. A geographically similar virgin area, unaffected by the oil spillage, located 50metres adjacent to the oil spill polluted site was chosen as control (reference) site. Though the control area is prone to oil spillage as well, there had not been any incidence of oil pollution during the period that preceded sampling. The oilspillage occurred on the 22nd of March 2003, spilling an estimated 28,000 barrels (approximately 4.5 million litres) of crude oil. The spillage covered an area of approximately four thousand, three hundred and fifty-six square meters (4,356m2). Sampling for this present study was done approximately twenty weeks of recorded incidence of oil spillage at the study site. Thus, there was six months post-impact period reconnaissance and sampling.
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Historical Antecedence and Geo-characteristics of soils 

Soils from the Obiobio/Obrikom part of the Niger Delta, where the study site is located (Fig. 1), is believed to have been derived from the Sombreiro-Warri Deltaic Plain. This 

plain which appears on either side of the recent alluvial plain of the neighboring Obiafu community, was laid in the Late Pleistocene to Early Holocene time and occupies an area similar to the present day delta  but was mostly eroded away during the ice ages when the sea level was lower. It occupies an intermediate position between the Alluvial Plain of the neighboring Obiafu area and the Coastal Plain Terrace around the Ogoni area and stretches from Kwale to Warri and Sapele West of the Niger, and from around Akri area down to the Ahoada area, East of the Niger. Its elevation, which is somewhat higher than that of the recent alluvial plain, makes it remain virtually non-inundated during periods of floods of the Niger. Much of the terrace is therefore cultivated. Physically, soils from this area are very fine with high silt and clay contents (Odu et al., 1955; NDES, 1999)
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Fig. 1: Map of the study area

Climatic Disposition of Study Site

The study area lies mainly in the wet equatorial climatic region, with high cloud cover. Sunshine hours are low and air is damp for most of the year because of the very high relative humidity of the air. Temperatures are moderated by the cloud cover and by the generally damp air. Still, mean annual temperatures are as high as 24-320C. Rain falls every month of the year with a short dry spell in the months of January to March (NDES, 1999).    

Vegetation and Land Use

The study area, like most part of the Niger Delta region of Nigeria, cannot be said to have completely pristine natural vegetation. The vegetation, over much of the riverine floodplains and the Sombreiro-Warri plains, is made up of a mosaic of arable farmlands, tree crop plantations and patches of natural vegetation. The arable crops include cassava, yams, maize, and cocoyam, pineapple, pepper, tomatoes, rice and leafy vegetables. The tree and fruit crops include the oil palm, plantain, pawpaw, mango, guava, and citrus.  

Heavy Metals in Nigerian Crude Oils

Major Nigerian crude oil brands such as Bonny Light, Forcados Blend and Qua Iboe Light, have on the following heavy metal contents: Vanadium (1.0 part/million); nickel (4.0 parts/million); cadmium (0.1parts/million); copper, lead, etc are <0.1parts/million. Table 1 contains a general range of metal concentrations contained in crude oils. 

Table 1

Heavy metal concentration in crude oils 

	Metals
	Concentration range(ppm)
	Mean concentration (ppm)
	Tons / year

	Antimony
	0.030 – 0.107
	0.055 ± 0.003
	31

	Arsenic
	0.046 – 1.11
	0.263 ± 0.007
	148

	Cadmium
	0.016 – 0.017
	0.03
	17

	Chromium
	0.0016 – 0.017
	0.008 ± 0.003
	4.8

	Cobalt
	0.032 – 12.751
	1.71 ± 0.11
	963

	Copper
	0.13 – 6.33
	1.32 ± 2.48
	743

	Iron
	3.365 – 120.84
	40.67 ± 2.48
	22,900

	Lead
	0.17 – 0.31
	0.24
	135

	Manganese
	0.63 – 2.54
	1.17 ± 0.04
	659

	Mercury
	0.023 – 30
	3.24 ± 0.01
	1,820

	Molybdenum
	0.008 – 0.053
	0.031
	17

	Nickel
	49.1 – 344.5
	165.8 ± 7.1
	93,400

	Selenium
	0.026 – 1.396
	0.53 ± 0.044
	300

	Vanadium
	4.0 – 298.5
	88.55 ± 0.42
	49,900

	Zinc
	3.571 – 85.80
	29.80 ± 1.27
	16,800


Source: Smith et al., 2000

Sampling Design and Soil Collection

 Soil samples were collected on the second day of field reconnaissance survey from both the polluted site and a geographically similar unpolluted site located fifty metres (50m) adjacent to the polluted site. At the sites from where soil samples were collected, a sampling area 200 x 200m2 was delimited around the epicenter of spillage.  The area was divided into hundred grid plots and 30% of this (i.e., 33 grid plots) was selected at random.  From these plots, three replicates of pre-determined quadrats were established and from each were taken soil samples.  This was done by removing litter from the pre-determined area inside each quadrat and thereafter using a trowel to take the soil from the surface (0 – 15cm) and subsurface (15 – 30cm).  Soil samples were put into polyethylene bags, labeled accordingly and taken to the laboratory for subsequent analyses.
Preliminary Analysis

Conductivity, percent moisture content, pH, Chloride, and sulphate were determined using standard methods as reported by Onojake (2004). Total organic carbon (TOC) and total organic matter (TOM) were determined by the chromic acid titrimetric method of Walkey and Black (1932) as follows: One gram (1g) of soil sample was weighed into a 500ml flask and 10ml of K2Cr2O7 20ml of concentrated H2SO4 were added. To the mixture was further added 200ml of distilled water, 10ml H3PO4 and five drops of diphenylamine indicator before titrating with 0.5N (NH4)2SO4Fe. A blank titration (without 1g of soil) was thereafter carried out and percent TOC was calculated as:

%TOC = Blank Titre – Sample Titre x 0.003 x 100
                                                   Sample Weight 
     %TOM = TOC (%) x 1.724


                       Where: 1.724 = Conversion factor; 

                      [i.e. %TOM = %TOC x 100 / 58; since TOC is 58% of TOM].
Heavy Metal Analysis

Spectrophotometric analyses of replicate soil samples were carried out after pre-extraction of cations with dithionite – citrate carbonate according to the method of Hesser (1977) as follows: Two and a half grams (2.5g) of each soil sample was weighed into a beaker and the same quantity of sodium dithionite was added.  This was prepared by adding 88.23g of sodium citrate to 21.02g of citric acid in a two – litre flask and made to mark with distilled water to give exactly 0.15M sodium citrate and 0.05M citric acid essential for this extraction.  The beaker was shaken over night in a shaking machine and later filtered with Whatman no. 42 filter paper.  Twenty-five milliliters of the extract was pipetted into a 200ml beaker and 5ml of 30% H2O2 was added after which the beaker was covered with watch glass.  The sample was then allowed to cool.  At this stage, 10ml of HNO3 – H2SO4 acid mixture was added in a fume chamber with the sample again digested for 3 ½ hours until the extract became clear.  The extract was allowed to cool and diluted with distilled water and made to 100ml in a volumetric flask. Concentrations of nickel, vanadium, and copper in the extract were determined thereafter using Perkin Elmer model 2280/2380 Atomic Absorption Spectrophotometer.  Readings were taken at 316.3µm for nickel, 228.90µm for vanadium, 422.7µm for copper, and 438.9µm for cadmium

Results and Discussion

Concentrations of associated heavy metals are presented in Table 2, while Table 3 contains results of the physico–chemical characteristics of the soils. The results for the heavy metals show significantly (P<0.05) higher concentrations of nickel, copper and lead in surface and subsurface polluted soils when compared to the unpolluted soils (Table2). Mean concentration of nickel in surface and subsurface soils of the polluted plots was 12.80±3.20mg/kg in polluted soils and 6.90mg/kg in unpolluted soils. Copper was 5.20±0.68mg/kg in polluted soils and 1.90mg/kg in the control soils; lead varied from 10.0mg/kg to 10.8mg/kg in polluted plots but was 3.6mg/kg in the control site. Concentrations of vanadium and cadmium were <0.20mg/kg and showed no significant differences in polluted and control soils.

Table 2

Mean concentrations of physico-chemical properties of oil-polluted and unpolluted (reference) soils six months after Ebocha-8 oil spillage

	Nature of Soil Sample
	Mean Level (± S.E) of Physico-chemical Parameters

	
	pH
	Conductivity

(µScm-1)
	Moisture

Content (%)
	Cl- (mg/kg)
	SO42-

(mg/kg)
	TOC (%)
	TOM (%)

	Oil-polluted surface soil
	5.1±0.1
	2,844.9±407.9
	15.4±3.6
	973±150
	1±0
	2.8±0.2
	4.9±0.4

	Oil-polluted subsurface soil
	5.0±0.1
	2,072±197.2
	12.8±2.4
	366±104
	0.3±0.7
	3.6±0.1
	6.2±0.1

	Reference (Control) soil
	5.3±0.2
	14±4.8
	5.8±1.0


	56±15
	0.6±0.6
	3.5±0.1
	6.14±0.2


Table 3

Mean concentrations of heavy metals of oil-polluted and unpolluted (reference) soils six months after Ebocha-8 oil spillage

	Nature of Soil Sample
	Mean Level (± S.E) of Heavy Metals

	
	Ni
	Cu
	Pb
	V
	Cd

	Oil-polluted surface soil
	12.8±3.2
	5.2±0.4
	10.8±2.5
	<0.2
	<0.2

	Oil-polluted subsurface soil
	12.6±1.8
	4.1±1.4
	10.0±1.9
	<0.2
	<0.2

	Reference (Control) soil
	6.9±1.5
	1.9±0.8
	3.6±0.6


	<0.2
	<0.2


Many studies on Niger Delta such as NDES (1999) have shown that soils naturally have such varying but trace amounts of heavy metals even in undisturbed environments, not to talk of a highly polluted site like the study area.  Enhanced concentrations of metals like nickel, copper and lead in the soils may result to enhanced absorption by plants, which may bring about possible bioaccumulation by such plants and the animals that depend on them for survival and all of these may lead to toxic reactions along the food chain. The implication of an enhanced level of nickel and vanadium may not be as significant in a non-arable land as would be in the study area where the sites were previously used as farm lands for the cultivation of crops like cassava and maize as earlier observed from field reconnaissance.  Flooding of soils, particularly when readily oxidizable organic nutrients are available, leads to significant mobilization of most trace heavy metals.  Typically, the amounts of soluble nickel and lead in the submerged soils might have increased following flooding, more so since the quantity of the elements mobilized in this manner increases with added organic carbon. Therefore, in appraising the potential hazards of these trace heavy metals found in crude oil, it is necessary to consider their mobility, chemical form as well as the physico-chemical characteristics of the soil. Since copper moves faster than nickel, vanadium and cadmium, it might pose more toxic hazard than the rest if contained in high concentration. It is known, for instance, that 0.05M of copper ions inhibits root growth. Though nickel is a micronutrient, excessive level of the metal in the soil might be toxic to some soil fauna, like earthworms, which are adjuncts to the microflora in organic matter decomposition and may also reduce heterotrophic activity of the microflora. In the same vane, vanadium is essential for green algae and stimulates higher green plants in small amounts, but can be fatal even to rats at concentrations of 10mg/kg; conversely, exposure to lead ions (Pb2+), even at low–level concentrations of 0.1mg/kg soil is known to reduce heterotrophic activity of the microflora (Smith et al., 1999). Thus, though some metal concentrations, like those of vanadium and cadmium, obtained herein for the polluted plots, may be considered sub-lethal considering their insignificant differences when compared with the control plots, the high soil acidity, %moisture content and high electrical conductivity of soils may aggravate their toxic potency in soils.

The degree of acidity and/or alkalinity is considered a master variable that affects nearly all soil properties - chemical, physical and biological. While some organisms are unaffected by a rather broad range of pH values, others may exhibit considerable intolerance to even minor variations in pH. So, given that the amount of acid (or alkali) in soils determines the availability of many nutrients for plant growth and maintenance being a key-player in soil-microbial reactions, the pH values herein obtained may well have far reaching implications. Additionally, it is known that strongly acidic soils (defined as pH 4 – 5) usually have high concentrations of soluble aluminium and manganese, which are toxic to plants. The slightly lower pH values obtained for the polluted soils can be raised to the levels detected in the control (reference) soils by liming through appropriate applications of calcium and magnesium compounds. Other factors being equal, it is known that carbon mineralization and organic matter breakdown are most rapid in neutral to slightly alkaline soils (Alexander, 1969).

The generally high moisture content is expected considering the overall climatic pre-disposition of the study area, which informed the intense rainfall, and flooding that preceded sampling. Again, as in low pH, high moisture content may also affect soil metabolic activities (Manahan, 1994); the exceedingly high conductivity is expected since it’s an indirect measure of ionic concentration.  
Conclusion

Oiling might have been partly responsible for the significantly higher levels of nickel, copper and lead of the Ebocha polluted soils. Additionally, the slightly lower soil-pH (i.e, slightly higher acidity), higher moisture content, mobility of metals, TOC and TOM detected in the affected soils as well as the intense rainfall and flooding that preceded the period of sampling may have also contributed in part to the enhanced concentrations of soil nickel and vanadium.  The higher concentration of metals at surface depth is attributable to the fact that metal profiles of polluted soils penetrate a little below the 10cm region.  However, such higher than normal levels of Ni, Cu and Pb as detected in the polluted topsoils are capable of impairing plant growth and causing possible bioaccumulation of the metals that are supposed to be present in the micro-concentrations detected in the reference soils. 

Immediate depollution measures should be effected on the affected site to avoid the possibility of  biomagnification of these metals, especially Ni and V  which are inherently persistent. On the other hand, liming of the soils with calcium and magnesium compounds may de-acidify the acidified soils by appropriately raising their pH to an acceptable range 
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